1. Background {#sec1-1}
=============

Osteoarthritis (OA) is the most common serious rheumatic disease and a leading cause of pain, disability, diminished life quality, and socioeconomic cost in the United States and globally ( [@ref1] , [@ref2] ). It is primarily characterized as articular cartilage degradation, bone alteration, and secondary synovial joint inflammation ( [@ref3] ). It is considered as a complex multifactor etiology, i.e., genetic, biological and biomechanical components ( [@ref4] , [@ref5] ). Although some factors, including dysregulation of body composition, lipids, Vitamin D, pro- and anti-inflammatory have been shown to be correlated with the pathobiology of OA, the detailed molecular mechanisms remain largely unclear ( [@ref4] ).

MicroRNAs (miRNAs) are small (20-to-24 nt) non-coding RNAs that function as post-transcriptional regulators on gene expression in eukaryotes though binding to the 3'UTR of their target genes ( [@ref6] ). Until now, more than 2000 miRNAs have been identified in humans and these tiny RNAs participate in nearly all fundamental processes, including cell growth, differentiation, apoptosis, and inflammation ( [@ref7] ). In recent years, accumulating studies revealed aberrant of miRNAs play a crucial role in various diseases, such as cancer, fibrosis, cardiovascular disease, and rheumatoid arthritis ( [@ref8] ). Among these miRNAs, miR-103a-3p has been identified as a potential diagnostic biomarker and therapeutic target in several cancers, including gastric cancer ( [@ref9] ), glioma ( [@ref10] ) and bladder cancer ( [@ref11] ). In addition, combination of miR-103a-3p and mesothelin could improve the biomarker detection sensitivity in malignant mesothelioma ( [@ref12] ). The complex network created by miR-103a-3p and GPRC5A has greatly contributed to the investigation on pancreatic tumor development and progression ( [@ref13] ). More recently, miR-103a-3p expression was found to be up-regulated in rheumatoid arthritis patients compared to controls ( [@ref14] ). However, the molecular mechanisms underlying miR-103a-3p involved in OA are unknown.

HMGB1, as a chromatin component and a secreted protein, is extracellularly released as a potent pro-inflammatory cytokine in sepsis ( [@ref15] ). It is also generated by necrotic cells, activated monocytes and macrophages, and plays in important role in mediating infection, injury and inflammation ( [@ref16] ). Multiple recent studies support a critical role for HMGB1 on the pathogenesis of OA. For example, Sun et al. ( [@ref17] ) found that the number of HMGB1-positive cells was significantly elevated in synovial tissue compared with control. Moreover, HMGB1 has been reported to be involved in chondrocyte apoptosis and inflammation in OA ( [@ref18] , [@ref19] ). But whether HMGB1 is regulated by miR-103a-3p in OA still remains unclear.

2. Objectives {#sec1-2}
=============

In the current study, by employing molecular and biological behavioral experiments, we identified miR-103a-3p as an important regulator of OA physiology and pathophysiology. We further investigated the mRNA targets of miR-103a-3p in the context of OA, aiming to provide potential alternative strategies for OS treatment.

3. Materials and Methods {#sec1-3}
========================

3.1. Experimental Animals and OA Rat Model {#sec3-1}
------------------------------------------

Twenty-four 8-week male Sprague--Dawley (SD) rats (250--300 g) were purchased from the Animal Experiment Center of Sichuan Province and randomly divided into normal group (n = 12) and knee OA group (n = 12). Briefly, in the knee OA group, the rats were anesthetized by 30 mg/kg pentobarbital sodium. Both knees were shaved and disinfected. Then, an incision was made at the center of the knee to expose the patellar ligament. Each rat was positioned on its back, and the leg was flexed 90° at the knee joint. The patellar ligament was palpated below the patella, and monosodium iodoacetate (MIA) was injected into the medial side of the ligament of both knees using a 29-gauge, 0.5-inch needle. Care was taken to ensure that the needle was not advanced too far into the cruciate ligaments. The normal group with no knee lesions was not treated. After the MIA injection and during the experimental period, no intervention was performed in any of the animals. All the rats were killed and cartilage tissues were harvested under sterile conditions after 4 weeks. The animal experiments accorded with the national guidelines of the care and use of laboratory animals and were approved by the Ethics Committee of Experimental Animal Center, Sichuan Province.

3.2. Cell Culture and Treatment {#sec3-2}
-------------------------------

Chondrocytes were isolated from knee OA cartilage samples as previously described ( [@ref20] ). Briefly, rat cartilage tissues were cut into small pieces and digested with trypsin (Sigma-Aldrich, MO, USA). After that, cell suspension was filtered through 40 μm cell filter (BD Falcon, MA), and cells were collected. Chondrocytes were then cultured in Dulbecco's Modified Eagles Medium (DMEM; Gibco) containing with 10% FBS (Gibco), 100 U.mL^-1^ penicillin (Gibco), 100 mg.mL^-1^ streptomycin (Gibco) in incubator at 37 °C with 5% CO2. For induction of inflammation in cultured chondrocytes, adherent chondrocytes at 70--80% confluence were stimulated with100 mg.mL^-1^ lipopolysaccharide (LPS; Sigma, MO, USA) for 6 h to mimick OA chondrocytes.

3.3. Cell Transfection {#sec3-3}
----------------------

MiR-103a-3p mimics (5'-AGCAGCAUUGUACAGGGCUAUGA-3'), negative control miRNA (miR-NC: 5'-AUAGCCCUGUACAAUGCUGCUUU-3'), small interfering RNA targeting HMGB1 (siHMGB1: 5'-CUCACCAAGUCUCCUCAAU-3') and siRNA negative control (siNC: 5'-AUUGAGGAGACUUGGUGAG-3') were synthesized and purified by GenePharma Co., Ltd (Shanghai, China). These oligonucleotides were cloned into the lentivirus expression vector of Hu6-MCS-CMV-EGFP (GenePharma Co., Ltd). The recombined vector was triple transfected into 80% confluent HEK293T cells with packaging vectors pHelper 1.0 and 2.0 (GeneChem Co., Ltd.) with Lipofectamine 2000 to produce corresponding viral particles. For cell transfection, chondrocytes were divided into 4 different groups, including the miR-NC group, miR-103a-3p group, siNC and siHMGB1 group according the transfected viral particles. They were transfected with scramble miRNA mimics as miRNA (miR-NC), miR-103a-3p mimics, siNC, and siHMGB1, respectively (purchased from Genepharma, Shanghai, China) using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instruction. Forty-eight hours after incubation, the transfection efficiency was observed using a fluorescence microscope (Olympus Co., Ltd., Beijing, China) and miR-103a-3p expression level was evaluated by quantitative real-time PCR.

3.4. Quantitative Real-Time PCR (qRT-PCR) {#sec3-4}
-----------------------------------------

Total RNA from articular cartilage tissues and chondrocytes was isolated with GenElute™ Total RNA Purification Kit (Sigma-Aldrich) and reverse transcribed into cDNA with miScript Reverse Transcription Kit (QIAGEN, Dusseldorf, Germany). TaqMan microRNA Assay Kit was used for miR-103a-3p and U6 expression analysis. SYBR Green Gene Expression Assay Kit (QIAGEN) was used to detect HMGB1 and β-actin expression. A quantitative real-time PCR assay was performed on the ABI7500 Instrument (Applied Biosystems, Warrington, UK). The primers used are listed as follows: miR-103a-3p (forward: 5'-ATCCAGTGCGTGTCGTG-3'; reverse: 5'-TGCTAGCAGCATTGTACAGG-3'); HMGB1 (forward: 5'-CCAACAGGCAAATGGGGTCT; reverse: 5'-TAACTGGTGGGCCAGGGATA-3'); U6 (forward: 5'-GCTTCGGCAGCACATATACTAAAAT-3'; reverse: 5'-CGCTTCACGAATTTGCGTGTCAT-3') or β-actin (forward: 5'- CCAACCGCGAGAAGATGA-3'; reverse: 5'-CCAGAGGCGTACAGGGATAG-3') was used as internal reference and the 2−ΔΔCt method was used to calculate the relative gene expression.

3.5. MTT Assay {#sec3-5}
--------------

The cell growth and proliferation of chondrocytes were assessed by MTT assay. In brief, treated cells were plated on a 96-well plate at a density of 1 × 10^5^ cells/well after transfected for 24, 48, and 72 h. Subsequently, 20 μL of MTT stock solution (Sigma; 5 mg.mL^-1^) was added to each well and incubated for 4 h at 37 °C. After removing the medium, 200 μL dimethyl sulfoxide (Sigma) was added to each well to dissolve the formazan crystals. The absorbance at 595 nm was measured using a microplate reader (Bio-Rad Laboratories, CA, USA).

3.6. Flow Cytometry {#sec3-6}
-------------------

The apoptosis of treated chondrocytes was determined by flow cytometry assay with Annexin V-APC/7-AAD Apoptosis Detection Kit (KeyGEN Biotech). Brieﬂy, the harvested chondrocytes were washed and subjected to Annexin V-APC/7-AAD double staining. The labeled chondrocytes were then analyzed by a flow cytometer (FACSCalibur, Becton Dickinson, CA, USA).

3.7. Western Blot Analysis {#sec3-7}
--------------------------

Total proteins were isolated from chondrocytes using lysis buffer (Takara, Dalian, China) and then centrifuged at 8000 g for 5 min. The proteins were separated by 12 % SDS-PAGE, and transferred to PVDF membranes (Millipore, CA, USA). After blocking with 2 % skim milk at 37 °C for 1 h, the membrane was incubated with primary antibodies against PCNA (1:1000, \#4578, Cell signaling Technology, MA, USA), caspase-3 (1:1000, \#9661, Cell signaling Technology, MA, USA), PARP (1:1000, \#9542, Cell signaling Technology, MA, USA), HMGB1 (1:500, \#9213, Cell signaling Technology, MA, USA) and GAPDH (1:500000, \#10494-1-AP, Proteintech Group, Inc. IL, USA) at 4 °C overnight. After washed with TBST, the PVDF membranes were incubated with HRP-conjugated secondary antibodies (1:5000, SC-2054, Santa Cruz Biotechnology, Santa Cruz, CA, USA) at room temperature for 2 h. The protein bands were visualized by an enhanced chemiluminescence kit (Pierce, Rockford, IL, USA).

3.8. Enzyme-Linked Immunosorbent Assay (ELISA) {#sec3-8}
----------------------------------------------

Inflammatory cytokines, including interleukin (IL)-1β, IL-6, IL-10 and tumor necrosis factor α (TNF-α), in cell culture supernatants were detected using ELISA kits (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions.

3.9. MiRNA Target Prediction and Dual-Luciferase Reporter Assay {#sec3-9}
---------------------------------------------------------------

Putative targets of miR-103a-3p were bioinformatically predicted using the TargetScan (http://www.targetscan.org/), miRanda (http://www.targetscan.org/) and PicTar (http://pictar.mdc-berlin.de/). Among putative predicted genes, HMGB1 was indicated as a potential target gene of miR-103a-3p. For the luciferase reporter assay, the wild-type HMGB1-3'-UTR (Wt HMGB1) and mutant HMGB1-3'-UTR (Mut HMGB1) containing the putative binding site of miR-103a-3p were constructed and cloned into the psiCHECK-2 dual-luciferase expression vector (Promega, Madison, WI, USA). Then the reporter vectors containing Wt HMGB1 or Mut HMGB1 and miR-103a-3p mimic or miR-NC were co-transfected into 293T cells (ATCC, Manassas, VA, USA) using Lipofectamine 2000 (Invitrogen). After transfection for 48 h, the luciferase activity was analyzed with the Dual Luciferase Reporter Assay System (Promega, Madison, USA) according to the manufacturer's instructions.

3.10. Detection of Caspase-3 Activity {#sec3-10}
-------------------------------------

The caspase-3 activity was detected using colorimetric assay kits (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. Briefly, the cells were lysed in lysis buffer on ice for 20 min. After centrifugation, supernatants were incubated with the supplied reaction buffer at 37 °C for 4 h for 2 h in the dark. The reactions were measured by changes at the wavelength of 405 nm using an ELISA reader.

3.11. Statistical Analysis {#sec3-11}
--------------------------

All statistical analyses were performed by SPSS 19.0 software (SPSS, Inc., Armonk, NY, USA). Quantitative data are presented as the mean ± standard deviation (SD). Statistical difference was determined the unpaired t-tests between two groups, or one-way ANOVA for more than two groups. A p value less than 0.05 was defined as statistically significant.

4. Results {#sec1-4}
==========

4.1. Mir-103a-3p Expression Was Decreased in Cartilage Tissues from the OA Rat Model and Suppressed by LPS in Chondrocytes {#sec4-1}
--------------------------------------------------------------------------------------------------------------------------

To investigate the potential role of miR-103a-3p in OA, the OA rat model was constructed and the expression of miR-103a-3p was determined using qRT-PCR. As shown in [Fig. 1A](#IJB-18-e2255-g001.tif){ref-type="fig"}, the expression level of miR-103a-3p was significantly decreased in tissues from OA rat as compared with tissues from normal mice (*p* \< 0.001). Moreover, the expression of miR-103a-3p was detected in the in vitro chondrocytes treated with LPS. Consistently, there was a marked decrease in miR-103a-3p expression in the LPS induced inflammation reaction ([Fig. 1B](#IJB-18-e2255-g001.tif){ref-type="fig"}, *p* \< 0.001). These results suggest that miR-103a-3p might play an important role in the development of OA.

![The expression of miR-103a-3p in cartilage tissues from the OA rat model and chondrocytes treated with LPS. (A) Quantitative real-time PCR was performed to detect the expression of miR-103a- 3p in cartilage tissues from the OA rat model. Normal rats without treatment were used as the control. \*\*\**p* \< 0.001, as compared with normal; (B) Quantitative real-time PCR was performed to detect the expression of miR-103a-3p in chondrocytes treated with LPS. PBS treatment was used as control. \*\*\**p* \< 0.001, as compared with co](IJB-18-e2255-g001){#IJB-18-e2255-g001.tif}

4.2. Confirmation of Mir-103a-3p Oligonucleotide Transfection into LPS Induced Chondrocytes {#sec4-2}
-------------------------------------------------------------------------------------------

To investigate the function of miR-103a-3p in OA, we transfected LPS induced chondrocytes with miR-103a-3p mimics and miR-NC oligonucleotides, respectively. At 48 h after transfection, the fluorescence microscopy image showed that the transfection efficiency of miR-103a-3p oligonucleotides was obviously higher than that of miR-NC in human chondrocytes ([Fig.2A](#IJB-18-e2255-g002.tif){ref-type="fig"}). QRT-PCR analysis further demonstrated that the miR-103a-3p level was significantly elevated after miR-103a-3p mimics transfection ([Fig.2B](#IJB-18-e2255-g002.tif){ref-type="fig"}, *p* \< 0.001).

![MicroRNA-103a-3p oligonucleotide transfection and miR- 103a-3p expression in LPS-induced chondrocytes. (A) Representative fluorescence images captured using fluorescence microscopy. (B) MiR- 103a-3p expression levels in transfected chondrocytes. \*\*\**p* \< 0.001, as compared with LPS+miR-NC](IJB-18-e2255-g002){#IJB-18-e2255-g002.tif}

4.3. MiR-103a-3p Regulated Cell Proliferation, Apoptosis and Inflammation in Chondrocytes from LPS-Induced Injury {#sec4-3}
-----------------------------------------------------------------------------------------------------------------

As miR-103a-3p was down-regulated in the OA rat model and LPS induced chondrocytes, we further performed gain-of-functional assays to assess the functional role of miR-103a-3p in the in vitro chondrocytes treated with LPS. As shown in [Figure 3A](#IJB-18-e2255-g001.tif){ref-type="fig"}, MTT assay showed that LPS significantly reduced cell proliferation of chondrocytes (*p* \< 0.05, *p* \< 0.001), whereas overexpression of miR-103a-3p by transfection of miR-103a-3p mimics significantly reversed the inhibited effect of LPS on cell proliferation (*p* \< 0.05, *p* \< 0.01). We further detected whether miR-103a-3p overexpression aﬀects the percentage of apoptosis in chondrocytes treated with LPS. As shown in [Figure 3B](#IJB-18-e2255-g003.tif){ref-type="fig"}, LPS treatment significantly elevated the percentage of apoptosis in chondrocytes (*p* \< 0.001). However, cell apoptosis induced by LPS was remarkably attenuated by miR-103a-3p overexpression (*p* \< 0.01). The protein expression levels of related molecules associated with proliferation and apoptosis were also examined. As shown in [Figure 3C](#IJB-18-e2255-g003.tif){ref-type="fig"}, miR-103a-3p overexpression obviously reversed the inhibition of LPS treatment on PCNA expression, the enhancement of LPS treatment on the expression of caspase-3 and PARP in chondrocytes. Furthermore, the pro-inflammatory cytokines, including IL-1β, IL-6, IL-10 and TNF-α were all significantly decreased by miR-103a-3p overexpression ([Fig. 3D](#IJB-18-e2255-g003.tif){ref-type="fig"}, *p* \< 0.05, *p* \< 0.01, *p* \< 0.001). These results demonstrated that miR-103a-3p overexpression could protect the chondrocytes from LPS-induced apoptosis and inflammation.

![Effects of miR-103a-3p overexpression in LPS-induced chondrocytes. Cells were transfected with miR-103a-3p mimics or miR-NC for 48 h and then treated with LPS for 6 h. (A) MTT assay of LPS-induced chondrocytes. (B) Cell apoptosis was detected by Flow cytometry assay. (C) The relative protein levels of PCNA, caspase-3, and PARP were detected by western blot assay. (D) The production of IL-1β, IL-6, IL-10 and TNF-α in the cell culture supernatants was detected by ELISA. \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001, as compared with control; \#*p* \< 0.05, \#\#*p* \< 0.01, as compared with LPS+miR-NC](IJB-18-e2255-g003){#IJB-18-e2255-g003.tif}

4.4. HMGB1 Is a Direct Target of miR-103a-3p {#sec4-4}
--------------------------------------------

To investigate the potential molecular mechanism of miR-103a-3p, bioinformatic analysis was performed to screen its putative target genes. Among putative predicted genes, HMGB1, an important regulator of inflammation, was indicated as a potential target gene of miR-103a-3p. Perfect base pairing was observed between the seed sequence of miR-103a-3p and the 3'UTR of HMGB1 ([Fig.4A](#IJB-18-e2255-g004.tif){ref-type="fig"}). Subsequently, dual luciferase reporter assay was used to validate the direct targeting of HMGB1 by miR-103a-3p. As shown in [Figure 4B](#IJB-18-e2255-g004.tif){ref-type="fig"}, miR-103a-3p significantly decreased the luciferase activity of Wt HMGB1 3'-UTR, while it had no significant effect on the HMGB1 mutant type 3'UTR luciferase activity (*p* \< 0.01). Both qRT-PCR and western blot assay showed overexpression of miR-103a-3p significantly inhibited the mRNA ([Fig. 4C](#IJB-18-e2255-g004.tif){ref-type="fig"}, *p* \< 0.05, *p* \< 0.01) and protein ([Fig.4D](#IJB-18-e2255-g004.tif){ref-type="fig"}) expression of HMGB1 in chondrocytes treated with LPS. These results indicated that HMGB1 was a direct target of miR-103a-3p.

![HMGB1 is a direct target of miR-142-3p. (A) Diagram of the binding site between miR-103a-3p and HMGB1 3'-UTR. (B) Dual-luciferase reporter assay of miR-103a-3p and HMGB1 3'-UTR. 293T cells were co-transfected with miR-103a-3p mimics and WT or MT reporter vector. Luciferase activity was measured after 48 h incubation. (C) Quantitative real-time PCR and (D) Western blot analysis of HMGB1 expression in chondrocytes transfected with miR-103a-3p mimics in the presence with LPS. \*\**p* \< 0.01, \*\*\**p* \< 0.001, as compared with control; \#*p* \< 0.05, as compared with LPS+miR-NC (E) Relative HMGB1 protein level.](IJB-18-e2255-g004){#IJB-18-e2255-g004.tif}

4.5. Knockdown of HMGB1 mimicked the protective effects of miR-103a-3p overexpression on LPS-Induced Chondrocytes {#sec4-5}
-----------------------------------------------------------------------------------------------------------------

To investigate the eﬀect of HMGB1 on chondrocytes, we examined whether the decrease of HMGB1 aﬀects the apoptosis and inflammation of chondrocyte treated with LPS. First, siHMGB1 or siNC oligonucleotides were transfected in to LPS-induced chondrocytes. As shown in [Figure 5A](#IJB-18-e2255-g005.tif){ref-type="fig"}, western blot analysis confirmed the expression of HMGB1 protein levels were obviously elevated in chondrocytes after LPS treatment, but remarkably decreased after siHMGB1 transfection. Subsequently, flow cytometry assay showed that knockdown of HMGB1 significantly decreased the cell apoptosis induced by LPS in chondrocytes ([Fig. 5B and C](#IJB-18-e2255-g005.tif){ref-type="fig"}, *p* \< 0.001). The caspase-3 activity of chondrocytes was significantly increased after LPS treatment ([Fig.5D](#IJB-18-e2255-g005.tif){ref-type="fig"}, *p* \< 0.001), but knockdown of HMGB1 alleviated the cell apoptosis induced by LPS (*p* \< 0.01). Furthermore, the pro-inflammation of LPS on chondrocytes was also abolished by HMGB1 knockdown, as confirmed by decreased IL-1β, IL-6, IL-10 and TNF-α ([Fig. 5E](#IJB-18-e2255-g005.tif){ref-type="fig"}, *p* \< 0.05, *p* \< 0.01). These results suggested that miR-103a-3p protected chondrocytes from LPS-induced injury might by down-regulating HMGB1.

![Effects of knockdown of HMGB1 on LPS-induced chondrocytes. Cells were transfected with siHMGB1 or siNC for 48 h and then treated with LPS for 6 h. (A) The expression of HMGB1 protein levels were detected using western blot analysis. (B and C) Cell apoptosis was detected by Flow cytometry assay and (D) caspase-3 activity assay. (E) The production of IL-1β, IL-6, IL-10 and TNF-α in the cell culture supernatants was detected by ELISA. \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001, as compared with control; \#*p* \< 0.05, \#\#*p* \< 0.01, \#\#\#*p* \< 0.001, as compared with LPS+siNC](IJB-18-e2255-g005){#IJB-18-e2255-g005.tif}

5. Discussion {#sec1-5}
=============

OA as the most prevalent joint disease has been diagnosed among a considerable proportion of the adult human population ( [@ref1] ). Previous findings identified some critical pathogenic factors for OA, including inflammation, chondrocytes injury, extracellular matrix degradation, and failure to remodeling articular cartilage ( [@ref21] ). Meanwhile, miRNA levels are frequently changed in response to these pathological disorders, therefore leading to degenerative diseases, including OA.

This study identified lower miR-103a-3p expression profiles in tissue samples from rheumatoid arthritis than in the normal subject. Using a model of OA in rat, we now extend insight into the role of miR-103a-3p in OA. Quantitative RT-PCR analysis in cartilage tissues and chondrocytes treated with LPS showed down-regulation of miR-103a-3p compared with control. More importantly, forced expression of miR-103a-3p promoted proliferation, inhibited apoptosis and pro-inflammatory cytokines (IL-1β, IL-6, IL-10 and TNF-α) in LPS-treated chondrocytes. HMGB1 was found to be a direct target of miR-103a-3p and knockdown of HMGB1 can successfully imitate the phenotype of miR-103a-3p overexpression. These results suggest that miR-103a-3p has the potential to protect against LPS-induced chondrocytes injury though directly targeting HMGB1.

Chondrocytes play a crucial role in maintaining the homeostasis and function of ECM ( [@ref22] ). Decreased cloning and increased apoptosis of chondrocytes in OA have been validated in numerous studies ( [@ref23] - [@ref25] ). It is clear that a number of empty lacunae and cellular debris-like material occurred at the light-microscopic level, supporting apoptosis is a central event in the development and progression of OA ( [@ref22] ). In this study, transfection of a synthetic miR-103a-3p resulted in increased proliferation and decreased apoptosis in LPS-treated rat chondrocytes. PCNA, an endogenous marker of cell proliferation, is associated with DNA synthesis and repair (26). As a commonly activated death protease, caspase-3 is a considered to be the final step executor of apoptosis and catalyzes the cleavage of multiple key cellular proteins ( [@ref27] ). Here, we found that upregulation of miR-103a-3p increased PCNA expression and decreased the expression levels of cleavage of caspase-3 and PARP as a major substrate of caspase-3 ( [@ref28] ). These data suggest that PCAN, caspase-3, and PARP might play essential roles in miR-103a-3p-mediated acceleration of proliferation and inhibition of apoptosis in rat OA model chondrocytes.

Pro-inflammatory cytokines secreted by inflammatory cells play a critical role in cartilage destruction during the pathogenesis of OA can induce production of extracellular matrix degrading enzymes, in chondrocytes, thus contributing to cartilage damage ( [@ref29] ). We found that pro-inflammatory cytokines (IL-1β, IL-6, IL-10 and TNF-α) levels were reduced in chondrocytes upon combination treatment with miR-103a-3p mimics and LPS. Therefore, miR-103a-3p appeared to exert anti-inflammatory activities in chondrocytes.

With the rapid progress on miRNAs studies, thousands of genes were found to be directly targeted by miRNAs and participate in pathological disorders ( [@ref30] ). Here, we found HMGB1 was a direct target of miR-103a-3p. What's more, knockdown of HMGB1 exhibited similar chondrocytes behavior to miR-103a-3p. Scaffidi et al. ( [@ref31] ) reported that HMGB1 is passively released by necrotic or damaged cells but not apoptotic cells. A markedly reduced capacity to induce inflammation was observed in necrotic cells with HMGB1 knockdown ( [@ref31] ). We guess that miR-103a-3p decreased the number of necrotic or damaged chondrocytes and inhibited release of HMGB1, causing reduced the concentration of pro-inflammatory cytokines. However, in MGC-803 gastric cancer cells and osteosarcoma MG-63 cells, HMGB1 depletion significantly decreased cell proliferation and sensitized cells to apoptosis ( [@ref32] , [@ref33] ), which is contrary to our findings. We thus hypothesize that HMGB1 may exerts different effects in different types of diseases.

In conclusion, the present studies reveal miR-103a-3p as an important regulator in the chondrocytes injury involving in the pathogenesis of OA though directly targeting HMGB1. These preliminary findings will facilitate and deepen our understanding on the development and progression of human OA.
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